Whether menopause would be associated with a rise in 4 -5 mm Hg higher systolic CBP (15 readings per subject) and 24-h BP (P р0.05 for differences between blood pressure (BP) was prospectively assessed in a cohort study. A total of 315 women (30-70 years at folperi-and postmenopausal women). Furthermore, systolic CBP rose nearly 5 mm Hg per decade more low-up) were randomly selected from the population. 
Introduction
also the slope of BP on age. SBP rose 0.5 mm Hg per Systolic blood pressure (SBP) rises with age at least year more in women with natural or surgical menountil the eighth decade of life. 1 In contrast, diastolic pause than in premenopausal subjects. The present BP (DBP) rises only until 50 to 60 years of age and study builds further on these cross-sectional obserthereafter either levels off, or even slightly vations, 9 and assessed the association between BP decreases. These BP changes are equally observed in and menopause in a prospective way. At follow-up, men and women. Furthermore, systolic and dias-BP was measured by conventional sphygmomanotolic BPs are lower in women than in men until 60 metry as well as by ambulatory monitoring. years of age, whereas the opposite is true in older subjects. 1 
Subjects and methods
Whether in women menopause per se is associaStudy population ted with a BP rise remains uncertain. On balance, most longitudinal studies [2] [3] [4] [5] [6] [7] suggest that menopause The baseline observations were collected in Belgium would not be associated with hypertension, while from 1985 to 1989. 16 Of 1419 randomly selected subthe cross-sectional surveys reported either an elevjects with a minimum age of 20 years, 1107 (78%) ated [8] [9] [10] or unchanged 7,11-14 BP after menopause. took part initially. 16 From 1991 to 1995, these former Menopause does not occur as a sudden event but as participants were invited for further examination. a continuous transition from a regular menstrual After excluding subjects who had died (n = 83) and cycle to ovarian failure. 2, 15 For this reason, a prethose who were severely ill (n = 3) or had moved viously published cross-sectional survey 9 examined (n = 7), 1014 persons remained, of whom 823 (81%) participated again. Seventy-six subjects were excluded, because their conventional or ambulatory statistic, respectively. Furthermore, the statistical old at follow-up (n = 315) were included in the methods included single and multiple linear analysis. In order to investigate the specificity of the regression, logistic regression and analysis of covari-BP changes associated with menopause, the women ance. Regression slopes were contrasted across the were matched on age and rank of body mass index menopausal strata using the single model with 315 men.
approach. 20 Although the hypothesis tested assumed that menopause would be associated with higher BP, two-sided P-values are reported.
Measurements

Results
Five trained nurses measured the participants' sitting BP at baseline at two home visits 1-3 weeks
Characteristics at baseline and follow-up apart, and at follow-up on one further visit. 16 They The cohort included 166, 44 and 105 pre-, peri-, and determined systolic and phase V DBP five times conpostmenopausal women. The median follow-up was secutively to the nearest 2 mm Hg after the subjects 5.2 years (range, 3.8-8.3 years). Peri-and postmenohad rested for 5 min. Standard cuffs had a pausal women were more obese than their premeno-12 × 24 cm inflatable portion, but if upper arm girth pausal counterparts and showed higher convenexceeded 31 cm, larger cuffs with 15 × 35 cm bladtional and ambulatory BPs and higher serum levels ders were employed. Every 3 months the nurses of total cholesterol ( only at follow-up, averaged (s.d.) 41.0 ± 3.5%, checked at 6-monthly intervals. The incidence of 41.3 ± 2.9% (P = 0.60) and 41.8 ± 2.5% (P = 0.03), hypertension was determined from the average conrespectively. At baseline and follow-up, oral contraventional BP at baseline and follow-up. Hypertenceptives were used by 33 (20%) and 36 (22%) presion was an untreated BP exceeding 140 mm Hg sysmenopausal women and hormonal replacement tolic or 90 mm Hg diastolic, or a condition therapy by three (3%) and six (6%) postmenopausal necessitating antihypertensive medication accordsubjects. Of the perimenopausal women, only one ing to the family physician.
(2%) was on the contraceptive pill at baseline and At follow-up all subjects had their ambulatory BP two (5%) on hormonal replacement therapy at folmeasured within 1 week before or after the home low-up. In the peri-and postmenopausal groups, visit. Oscillometric SpaceLabs (Redmond, WA, menopause had been surgically induced in five USA) 90202 monitors, 18 fitted with the same cuff (11%) and 22 (21%) subjects, respectively. At basesize as for the conventional measurements, were line 0.8% of the women were on nitrates or coronary programmed to obtain readings with an interval of vasodilators and at follow-up 0.6%. 20 min from 8 am until 10 pm and every 45 min
In the men matched with the pre-, peri-, and postfrom 10 pm to 8 am. 19 Every month the recorders menopausal women, age and body mass index, by were checked for accuracy against a mercury colselection, showed the same trends as observed in umn. The 24-h BP was calculated from unedited recwomen (Table 1) . At follow-up their haematocrit ordings with weights according to the time interval averaged 45.8 ± 2.9%, 45.4 ± 2.9% (P = 0.48 vs prebetween successive readings. 19 menopausal controls) and 44.3 ± 3.1% (P Ͻ 0.001), A standardized questionnaire inquired into each respectively. person's medical and surgical history, smoking and At baseline, smoking was equally prevalent drinking habits and intake of medications. In among all men and the premenopausal women women it provided information on menstrual status.
(50%), but lower among peri-and postmenopausal Pre-and postmenopause were defined as an active women (24%; P Ͻ 0.001). At follow-up, less men menstrual cycle as opposed to continuous amenor-(21%; P Ͻ 0.001) and women (45%; P = 0.005) rhea from baseline to follow-up, and perimenopause smoked than at baseline. Throughout follow-up, as the presence of periods at baseline but amenormale and female smokers smoked 15 (median) gram rhea at follow-up. Surgical menopause was diagtobacco per day (5th-95th percentile interval: 5-nosed, if the menses had disappeared after bilateral 30 g/day). The proportion of women (5%) and men oophorectomy. Follicle-stimulating hormone was (32%) reporting alcohol intake was the same at basemeasured in the serum by an immunoradiometric line and follow-up. Among drinkers, alcohol conassay. Follicle-stimulating hormone and haematocsumption was similar in both sexes and remained unchanged over time, averaging 15 (5-60 g/day). rit were determined only at follow-up. pausal subjects, the age-associated increase was more pronounced, in particular for systolic pressure. After adjustment for body mass index and antihypertensive treatment status, there was indeed a significant correlation between systolic BP and age in the peri-and postmenopausal groups (Figure 2 ). This was not observed in the premenopausal group (P р 0.05 for the differences with peri-and postmenopausal women). DBP was only significantly correlated with age in the perimenopausal subjects. These findings were not materially altered after further adjustment for contraceptive pill intake. In male controls, systolic and diastolic BPs rose only slightly with age ( Figure 1) . With similar adjustments applied as in women, these BPs were not significantly correlated with age in any of the male control groups (Figure 2) .
The level of the ambulatory BP: After adjustment for body mass index and antihypertensive treatment, the 24-h BPs showed the same trends as the corresponding conventional measurements (Table 2 ). In women, the 24-h systolic pressure tended to be higher in the postmenopausal group (P = 0.08 and P = 0.01 for the comparisons with the pre-and perimenopausal groups, respectively). Male perimenopausal controls had a higher 24-h systolic BP than their counterparts matched with the premenopausal (P = 0.04) but not postmenopausal (P = 0.23) women. 
Longitudinal analyses
The change in the conventional BP from baseline to Cross-sectional analyses follow-up: After adjustment for the duration of follow-up and the changes from baseline to follow-up The level of the conventional BP: In the cross-secin body mass index and antihypertensive treatment, tional analysis, the average of the 15 sphygmomanosystolic pressure did not change in premenopausal metric readings constituted each subject's time-intewomen (Figure 3 ), but rose by 3-4 mm Hg in perigrated conventional BP. Of its systolic and diastolic and postmenopausal subjects (P = 0.02 for difference variance, age alone explained 30% and 20% in between pre-and postmenopausal subjects). DBP women, but only 5% and 1% in men. The correincreased over the follow-up in all women, but the sponding proportions of the variances attributable to increase was more pronounced (P = 0.03) in peribody mass index, were 15%, 18%, 6% and 9%, than postmenopausal subjects. respectively.
With similar adjustments applied, SBP remained After adjustment for age, body mass index, antihyunchanged over follow-up in all male control pertensive treatment and intake of the contraceptive groups, whereas the conventional DBP increased in pill, SBP on conventional measurement was the the pre-and perimenopausal controls. The longisame in pre-and perimenopausal women (Table 2) , tudinal results in women and male controls were but it was higher in the postmenopausal subjects not altered when also the initial BP was accounted (P = 0.06 and P = 0.05, respectively). With similar for by expressing the BP changes on a percentage adjustments applied, DBP was the same in all scale rather than in millimeters mercury. women. In men, the adjusted SBP was higher (P = 0.03) in the peri-than in the premenopausal controls. The adjusted DBP was lower (P = 0.03) in
The incidence of hypertension: The incidence of hypertension (Table 3 ) was 8, 14 and 22% in the the group matched with the postmenopausal women than in the premenopausal controls (Table 2) .
pre-, peri-, and postmenopausal women. It was significantly associated with menopausal status. After adjustment for age and body mass index at baseline, The slope of the conventional BP on age: Visual inspection (Figure 1 ) of the unadjusted BP values in the duration of follow-up, and the change in body mass index during follow-up, the association fifths of the age distribution suggested that in premenopausal women the conventionally measured between the incidence of hypertension and menopausal status weakened (P = 0.08). However, both systolic and diastolic BPs rose only slightly with advancing age, whereas in peri-and postmenobefore and after adjustment, the risk of becoming 511 Values are adjusted means (s.e.); BP = blood pressure; pre, peri, post = pre-, peri-, postmenopausal women or corresponding male controls; P 1 , P 2 , P 3 = significance of the differences between peri-and premenopausal, post-and premenopausal, and post-and perimenopausal, respectively. Odds ratios (95% confidence interval) were derived from the unadjusted or adjusted logistic regression coefficients for the association between hypertension and the pre-, peri-and postmenopausal groups (coded as 0, 0.5 and 1, respectively); P = probability of the logistic regression coefficient; adjustments accounted for age and body mass index at baseline, follow-up duration and change in body mass index.
hypertensive was approximately three times higher in post-than in premenopausal women. In male controls there was no association between the incidence of hypertension and the groups 
Discussion
between pre-and postmenopausal subjects. Corrections for age are uniformly applied in the literature The BP changes associated with menopause are difficult to evaluate, because BP and menopause are either by adjusting, 2,4,5,7,9,14 matching, 7 or stratification. 3, 8, [10] [11] [12] [13] In the present study, a 20-year age jointly influenced by factors, such as age and body mass index.
11,21 Adjustment for confounders is interval before and after the median age at menopause 17 was judged appropriate for comparing the therefore necessary, but also carries the risk of overcontrolling and adjusting away true differences slopes of the age-related changes in BP before and cation on age 2,3,8,10,11,13 opens the possibility of observing inconsistent results across various age groups and does not guarantee that menopausal status constitutes the only difference between preand postmenopausal women. For instance, in the Framingham study, 2 women undergoing natural menopause were significantly leaner than their premenopausal counterparts. Although body weight rises with menopause, 3, 6, 9, 14, 21 most previous reports 2, 3, 7, 8, 10, 11, 13 did not account for this potentially important confounder.
In the present study the distribution of the conventionally measured BP was not truncated by disregarding patients with definite hypertension 6 or patients on antihypertensive drug treatment. 4, 5 In few studies more than 10 conventional BP readings were averaged. In the time-integrated cross-sectional analysis the conventional BP was the mean of 15 readings, all of which had been obtained in the relaxed home environment. Considerable effort was invested in maintaining the quality of the BP measurements over time. The nurses were especially trained. The precision of their BP readings and digit preference were monitored throughout the study. Ambulatory monitoring was used for the first time to assess in a random population sample the association between BP and menopause. Conventional BP readings are subject to observer bias, 23 digit preference, regression-to-the-mean, 24 and arousal of the subjects leading to the white coat phenomenon. 25 Automated measurements are less prone to such Because after menopause body weight, 3 ,6,9,14,21 and haematocrit 2 rise, these factors could contribute to the BP increase in older women. However, the present findings suggest that the specific effect of after menopause. Obviously, a wider age range would have facilitated the demonstration of signifimenopause is confined to SBP. Thus, a reduction of arterial compliance may be involved. 26 Indeed, oescant correlations, but would also have increased the likelihood of falsely attributing age-dependent trogens dilate the large arteries in laboratory animals. 27, 28 In women, whose periods had ceased for phenomena to menopause. In the published reports, the age intervals studied ranged from 9 8 to 39 22 years 6 months to 5 years, the pulsatility index of the internal carotid artery was inversely correlated with with as lowest and highest age limits 20 22 and 65 14 years, respectively. In order to investigate the specithe time elapsed since the last menstrual bleeding.
29
Oestrogen replacement therapy normalized their ficity of the present findings, women were matched by age and rank of body mass index with men drawn raised pulsatility index. 29 In a more recent randomised experiment with a double-blind design, 30 8 from the same population. This approach suggested that the observations in women could not be weeks of oestrogen substitution in perimenopausal women reduced systolic and diastolic BP and explained by gradients in age and body mass index. On the other hand, the sex differences should also enhanced the basal but not the acetylcholineinduced nitric oxide release in fore-arm resistance not be viewed as wholly attributable to menopause.
Several factors may have facilitated the demonarteries. The latter findings 30 are in line with the observation that in premenopausal women comstration of a positive association between menopause and SBP in the present study. Few reports 2, 3, 11 pared with men, the age-related endothelial dysfunction is attenuated, whereas this sex difference attained a participation rate of 75% or higher. In contrast to some earlier studies, perimenopausal disappears after menopause, suggesting a protective effect of oestrogens on endothelial function.
31
women were not excluded from recruitment 6 or analysis.
7 By applying multivariate adjustments and In natural menopause oestrogen deprivation develops gradually. 2, 15 If the menopausal increase in treating age as a continuous variable, all subjects were kept in the analysis. In contrast, age-matching 7 systolic pressure is brought about by a reduced arterial compliance, the arterial dysfunction may be limits the calculations to selected pairs of pre-and postmenopausal individuals and greatly reduces the initially functionally mediated and partially compensated for by an increased arterial diameter. 26 The power of the comparisons. Furthermore, stratifi-
